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Is the Natural Twinning
Rate Still Declining?

To the Editor:
An unexplained reduction of one

third in twinning rates was observed in
Western countries from the 1930s
through the 1970s1 followed by a sharp
rise from the 1980s onward due mainly
to infertility treatment.2,3 There is con-
cern about a general decline in fecund-
ability, and it is unknown whether the
“natural twinning rate” (which is a
marker of fecundability4) is still declin-
ing beneath the increase of twinning due
to infertility treatment. We used a fol-
low-up study of more than 60,000 preg-
nant women, who reported on fertility
treatment during pregnancy, to show
that the decline in natural twinning rates
has apparently stopped.

The Danish National Birth Cohort
is a nationwide study that enrolled
women early in pregnancy. Approxi-
mately 60% of all eligible women were
informed about the study, depending on
the cooperation of general practitioners,
and approximately 60% of the informed
women agreed to participate.5 The
women were typically enrolled in the
study at the first visit to the general
practitioner (usually in the first trimes-
ter). At this time, the participants pro-
vided a blood sample and were inter-
viewed about health-related issues,
including potential fetal risk factors and
lifestyle. Around the beginning of the
third trimester, the participants again
provided a blood sample and were again
interviewed; topics included waiting
time to pregnancy and infertility treat-
ment. We used the National Birth Reg-
istry to identify 61,995 singleton and
twin births from the 28th gestational
week occurring between 1998 and 2001
of women participating in the Danish
National Birth Cohort.

We excluded 49 pregnancies from
the analyses because they were either
triplets or stillbirths with no information
on twinning status. Among the remain-

ing 61,946 pregnancies, 1311 (2.1%) re-
sulted in twins; this percentage is com-
parable to that (2.0%) for the Danish
population in the same time period,3

suggesting no selection into the cohort
depending on whether the pregnancy
was a twin pregnancy.

Women taking 6 months or longer
to conceive were asked whether they had
received infertility treatment; among the
3873 women answering positively to this
question, 589 (15.2%) had twins. The
remaining 58,073 pregnancies, with no
infertility treatment reported, resulted in
722 pairs of twins, which corresponds to
a natural twinning rate of 1.24% (95%
confidence interval � 1.15–1.33%). As
expected,1–3 the natural twinning rate
increased with maternal age (from 1.0%
in mothers younger than 25 years of age
to 1.5% among mothers age 35 an
older), with the most marked increase
being for opposite-sexed twins who are
all dizygotic.

Twinning rates (Fig. 1) and mater-
nal age distribution for births in Den-
mark in 1930–2001 were obtained
through Statistics Denmark. From 1970
to 1980, when the overall twinning rate
was historically low, the mean maternal
age was very stable, around 26.6 (within
a 0.2-year standard deviation), whereas
the mean maternal age in the more re-

cent Danish National Birth Cohort was
29.9 � 4.3 years. Age standardization of
the natural twinning rate in the Danish
National Birth Cohort to the maternal
age distribution of 1980 changed the
estimate of twinning rates only slightly
from 1.24% (1.15–1.33%) to 1.15%
(1.06–1.23%), which is markedly higher
than the rate of 0.97% (0.95–0.99%) in
the period 1970–1980.

This follow-up study provides ev-
idence for the end of the decline in
natural twinning and may even suggest
an increase in natural twinning rates.
The rate of monozygotic twinning is
fairly constant over time and place,
whereas the frequency of natural dizy-
gotic twinning depends on maternal age,
parity, ethnicity, and body mass in-
dex.2,4 However, none of these factors
appears to account for the observed,
marked changes in natural twinning
rates, which remain unexplained.
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FIGURE 1. The overall twinning rate (per
100 births) in Denmark for 1930–2001.
The 2 point estimates are the mean twin-
ning rate for the period 1970–1980 and
the twinning rate estimate for women
with no fertility treatment in the Danish
National Birth Cohort 1998–2001. (This
later “natural twinning rate” is standard-
ized to the 1980 maternal age distribu-
tion).
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Mediation Proportion

To the Editor:
Subsequent to the publication of

our paper1 in the January 2005 issue of
Epidemiology, relevant references2–4 to
the problem of mediation analysis have
been brought to our attention from the
discipline of drug abuse prevention.

Using the framework of the mul-
tivariate normal distribution, MacKin-
non2 explained mediation analysis in the
context of prevention and intervention
studies with an abundance of examples
of problems of mediation. He proposed
to measure the intermediate effect by
the product of the regression coeffi-
cients in the relevant regression equa-
tions and denoted the fraction of the
intermediate effect to the total effect for
the proportion mediated. When the in-
termediate and response variables are
jointly normally distributed, the analysis
is straightforward and intuitive, and in
this case, MacKinnon’s proportion me-
diated coincides with our proposed me-
diation proportion, as do the measures of
both Freedman et al5 and Wang and
Taylor,6 as we have pointed out earlier.1

In psychology, it is standard to
apply structural equations models. Finch
et al3 studied a model of 3 latent vari-
ables, each with 3 indicator variables,
and through simulations, analyzed the
effects of nonnormality of the indica-
tor variables on the estimates of the
intermediate effect. The nonnormality
was represented by continuous variables
with positive skewness and kurtosis.
Nonnormal data are common in epide-
miology such as when constructing
scales on some measured items or indi-
cators. The data may be analyzed (pos-
sibly transformed) assuming normality
or by grouping into a smaller number of
categories, maybe all the way to binary

variables. Unfortunately, the statistical
conclusions are sensitive to the con-
struction of scales and choice of cut
points. Our main motivation for using
structural equations models was to pro-
vide a fresh approach to defining and
estimating the mediation proportion for
the discrete or ordered categorical vari-
ables commonly met in epidemiology.
Such observations may often be embed-
ded in the structural equations frame-
work through threshold models.1 The
threshold model approach is particularly
useful when handling ordered categori-
cal data, in which it will often be natural
to assume an underlying continuous
variable governing the observed data.

MacKinnon et al4 discussed the
concepts of mediation, confounding,
and suppression effects in the context of
causality.
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Case–Crossover Studies

To the Editor:
Sullivan et al recently presented a

case–crossover study1 with interesting
null findings, like in other Seattle studies
of the same design.2,3 In contrast to the
Boston study of Peters et al,4 the Seattle
associations between ambient concen-
trations before onset of a myocardial
infarction and ambient conditions on
control days were substantially smaller.
Unfortunately, this is yet another case–
crossover study, out of more than 20 to
date, that do not either provide or dis-
cuss the distribution of the relevant ex-
posure term and its implications on sta-
tistical power.5 The exposure term in the
case–crossover design is not the daily
level of pollutants, but the difference
between the ambient concentration on
the event day and the concentration(s)
on some control day(s). We have shown
that this difference can be very small for
a large fraction of event days, thereby
seriously limiting the statistical power to
refute the null hypothesis.5 The relevant
distribution of these differences cannot
be inferred from the usual tables show-
ing the distribution of the daily levels
(Table 2 in Sullivan et al1). We believe
it is time for a change in reporting of
case–crossover studies. Authors and re-
viewers alike should opt for a summary
of the relevant exposure term. Other-
wise, an important alternative explana-
tion of null findings cannot be evalu-
ated: insufficient statistical power.

Sullivan et al provided a further
example for the need to present findings
using the relevant exposure metric. To
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assess the shape of the concentration–
response function, they show risk es-
timates for quintiles of the ambient
concentrations. However, a conceptu-
ally appropriate presentation would
stratify risk estimates by quintiles of
the relevant exposure term, as defined
previously. This might provide differ-
ent results.

We acknowledge that the sample
size was large in this study and that
elaboration of the analyses in the appro-
priate exposure metric may simply con-
firm the results. We also appreciate the
thorough discussion of the potential en-
vironmental causes of the null findings
in Seattle. However, we believe that
case–crossover studies should comply
with longstanding traditions of good ep-
idemiologic practice; in particular, they
should describe the (design-relevant)
exposure distribution and address statis-
tical power. This is particularly impor-
tant when trying to investigate re-
gional differences in acute effects of
air pollution.2– 4
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The authors respond:
Drs. Künzli and Schindler1 raise an

interesting point regarding the relevant ex-
posure description in acute effect air pol-
lution studies. We agree that it is helpful
for the data description to include a sum-
mary of the exposure variation actually
used in the analysis. Similar to time-series
analyses, the convention in case–cross-
over papers has been to report on the
unadjusted exposure distribution. This de-
scription ignores the fact that the calcula-
tion of the health effect estimate relies on
a restricted exposure range. For case–
crossover studies, the relevant exposure
variability is restricted to within-referent
windows.
In our study,2 the square root of the
average within-referent window exposure
variance was 10.9 �g/m3. This quantity
ranged from 1.1 to 46.3 �g/m3 with an
interquartile range (IQR) of 3.8–11.9 �g/
m3. For time-series studies, the relevant
exposure distribution is obtained after the
smooth function of time has been re-
moved. The equivalent calculation for
case–crossover studies subtracts the mean
for each referent window from all obser-
vations in that window. This summary
yields an IQR of 7.9 �g/m3, compared
with the unadjusted IQR of 10.6 �g/m3

shown in Table 2 of our paper. Although
this description of exposure represents a
smaller exposure variation than the data
description reported in our paper, it does
not change our analysis or results.

Our model assumed a linear dose–
response. Thus, referent windows with
average exposure of 25 �g/m3 contrib-
ute the same information as referent
windows with average exposure of 5
�g/m3 provided they have identical ex-
posure variability. We disagree with the
suggestion by Künzli and Schindler that
our Figure 1 presentation should have
been indexed by some other metric than

the PM quintile midrange. Because our
model is linear, our presentation gives a
visual check of the linear dose–response
assumption. It also showed a direct com-
parison of our results with those for the
Boston Onset Study.3

We also disagree with the asser-
tion of Künzli and Schindler that insuf-
ficient statistical power may be an alter-
native explanation for the null findings
in our study. Once study results have
been obtained, confidence interval esti-
mates should be used to assess study
power.4,5 Our study’s large sample size
produced relatively narrow confidence
interval estimates. For a 10-�g/m3 in-
crease in PM 1-hour before myocardial
infarction (MI) onset, we reported 1.05
as the upper limit of our confidence
interval estimate. For risk of MI onset in
Seattle, this finding can be interpreted as
providing evidence against a short-term
effect of fine PM larger than a relative
risk of 1.05 for a 10-�g/m3 increase
in PM.
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Population Risk
Measures

To the Editor:
In my recent commentary,1 I had

noted some confusion over the nomen-
clature for measures of the potential im-
pact of an intervention on risk in a com-
munity. I underestimated the complete
range of terminology, however. Soon
after my commentary appeared, Noel
Weiss pointed out to me that a measure
Tom Koepsell and he had called attrib-
utable risk to the population (PAR) in
their 2003 textbook2 is identical to at-

tributable community risk (ACR), as
used in MacMahon et al3 and my com-
mentary.1 Koepsell and Weiss refer to
the measure commonly called PAR as
attributable risk to the population per-
cent (PAR%) and clearly indicate the
distinction between the questions ad-
dressed by the 2 measures.2 The percent
in “PAR%” refers to the percentage of
cases attributable to the exposure, not
the percentage of the population who
develop the disease due to the exposure.

I also underestimated the com-
plete range of confusion. Although Pro-
fessor Weiss taught me PAR and PAR%
in class in 1977, I did not appreciate the

importance of the distinction for a quar-
ter century.
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